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COMPARISON OF WW ,CHARACTERISTICSOF A SINGLE-ENGINE

AIRPLANE MODEL WITH SINGLE-ROTATING AND

DUAL-RCTATING PROPELMRS

By R. H.

and

Tests were made
to determine the Yaw

Neely, L. E. .Fogarty,

S. R. Alexander

suMhIAiY

in the NACA lp-foot pressure tunnel
characteristics of a 0.32-scale

model of a single:enEine, fighter-type airplane with
six-blade single-rotating and dual-rotating propellers.
The propellers used in the investigation were of the
same solidity and plan form. Force and moment charac-
teristics of the model, with the exception of the
rolling-moment characteristics, are presented for
several model and uower conditions. Curves are given
that show estimated rudder-control characteristics of
the design airplane in steady sldeslips.

The most important difference in the yaw charac-
teristics of the airDlane model with single-rotating
and dual-rotating propellers was that,in the low-speed
high-thrust conditions, large rudder deflections and
forces were required to trim at zero yaw with single,
rotation,and negligible deflections and forces were re-
quired to trim at zero yaw with dual rotation. For the
high-thrust conditions with the rudder fixed, the model
with single-rotating propellers tended to be directionally ●

unstable at large negative angles of yaw; whereas, with
dual-rotating propellers the model was stable throughout ~
the trim range. For moderate angles of yaw, a greater
degree of rudder-fixed stability was generally obtained
with single rotation than with dual rotation. The total
range of angle of yaw maintained by maximum deflection of
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the rudder was greater with dual rotation. me rudder- .
control forces per depee of yaw were two to three times
as.~eat for single rotation as for dual rotation In the
high-thrust conditions.

IYT30DUCTIOF

The effects of propeller operation on the stability
and control characteristics of the air~lane are becoining
inci’~asiilglyimportant with the present trend toward
engines of greater power. The single-rotating propeller,
used almost exclusively in the pa~t, has an adverse eJ7-
fect on the lateral-control characteristics of the air-
plane. With power on, the large torque reaction and
the resulting asymmetrical slipstream causes large
lateral-trim changes that involve both aileron and rudder.
A dual-rotating pro~elier, which for the ideal case has
no resultant torque and produces a symmetrical slipstream,
should eliminate the Iateral.-coiltrolchanges due to po}~er.
fi.ir-”flowsurveys at the tall of a single-engine airplme
model eq-~ippedwith a dual-rotatins propeller have indi-
cated a symmetrical slipstream (reference 1). It ms
been s?~own,however, by theory (refeiaence2) and by ex-
periment (reference 3) that the ~ropeller ?orces due to
inclin~tlon of the thrust axis are .qreatarfcr a dual-
rotating propeller linanfor a single-rotating propeller;
this affect influenc~s the stability of the airp].ane
somewhat.

Little is known abcut the quantitative differences
between the effects “of~ elngle-rotating and a dual-
rotathg propeller on the stability and control charac-
teristics of a complete airplane. In order to provide
information on the differences between the effects of a
single-rotating and a dual-rotating propeller on eta-
bllity and control characteristics, tests were nade of a
0.32-scale model of & single-en~ine, fighter-type air-
plane in the NACA lg-foot pressure tunnel &t LanGley
Field, Va. The investi~atlon was ccnfined to the deter-
mination::of the characteristics in yaw with the vertical
tail on and with the vertical tail off. The results of .
these tests are believed to be of no direct general ap-
plication but serve ELSan indication of the character
and magnitude of the effects of’the two types of rotation.
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Model

The general dimensions of the model are given in
figure 1. The win was equipped with 0.25c partial-span

fslotted flaps and a so with slats on the leading edge of
the outer wing panels. provision was made for air flow
through the cowl, the two wing ducts, and the super-
charger air duct located beneath the cowl. A detail
drawing of the vertical tall surface is presented In
flgum 2. The vertical fin was set at 0° and the hori-
zontal stabilizer at 20 for all tests.

The model was equipped with a six-blade propeller
unit made up of two three-blade propellers having a
distance betv:eencenter lines of’4.05 Inches. The
blades were of the yACA 1+-308-03type; blade-form curves
are presented In figure 3. In the dual-rotating unit,.“
the front blades were right hand and the reer blades
left hand. The propellers wero driven through a dual-
rotatti.ggear box. In the sin.-le-rot6tingunit, the
&ear box was re~le.cedby a soli~ coupling. ~oth the
frcnt and the rear blades were ri ht hand and were

!#equally spaced about tb.ecenter o ‘rotation. An elec-
tric uotor capable of’delivering a torque of 195 foot-
pownds was used to drive the propeller unit.

Model configurations for landin~ and for normal
flight were tested. rn the landing configuration shown
In figure 4, the wing flaps were deflected ~0°, the
ailerons were drooped 15°, the slats were open, the cowl-
exit flap was deflected 25°, the oil-cooler and lnter-
cooler exit flap was deflected 22°, and the landing gear
was installed. In the normal-flight configuration shown
in figure 5, all the aforementioned surfaces were in the
neutral position and the landing gear was removed.

Tests

The model mounted in the test section of the tunnel
Is shown In figures 4 and 5. Measurements were made of
the six-component forces and inomentson the model and of
the rudder hinge moments. Forces were measured directly
by the wind-tunnel balance and moments.were ccmputed from
force readings. Rudder hinge moments were measured by
electrical resistance-type strain gages.

— — . - ——
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The model was yawed, at selected
through a range of angles or yaw from
the dual-rotatlm tests end froin-30°

NACA ACR ~TOc 4D19

angles of attack,
-10° to 40° for
to 30° for the

single-rotation tests. The yaw range was ltmlted to
th6se values by the model support. All tests were made
with the air in the tunnel at an absolute pressure of
35 pounds per square inch. The test Reynolds nmnber
was ap~roximately 3,000,000, except for a few tests made
at a Re~Olds number Of 4,200,000.

In the normal-fllgh.tconflg”watlon, the model was
tested simulating full ower with the thrust line at an
angle of’attack of g-0.8 , correspondi~ to higlh-speed
level flight, end at an angle of attack of 11.8°, cor-
responding to a full-power cllmb at 107 percent of the
pow~r-off st~lllng speed. Tkss~ conditions are here-
inafter referred to as the ‘*hiCli-speedcondition” and
the ‘fclirbconditicnlc,respeotlvoly. ~ the landing
configuration, the model was testucisinulathg ~5-percent
full power at an angle cd’attack of 10° corr~sp~ildlngto
flfght Et 107 percent of ths power-of’fstaZil.ngspeed.
This model and power condition IS hereir:af’terreferred to
as the ‘rsqproachconditfonit. For these t’hrcecmditions,
tests were made for a ren.gsof rudder defle~t~Oilsand
w:th the vertical tail of-f. In ~dditlon, for each angle
of attack, tests were made wtth the propeller opcratlng
at approximately zero thrust, silmlating an engine-idling
gllde, and also w!th the propeller off; thase tssts were
made with rudder neutral and with the vcrtlcal tail off.

.The power conditions of the model testad simulated
thoso of the Gssign air~lane. Full power represents
2250 brake horsepower at sea level and ‘15-percentfull
power represents 1300 brake horsepower at soa level.
.The =ial componont of the sllpstraam velocity, as
?naasuredby the thrust coefficient Tc, was taken as
the criterion of similitude of the powtirconditions.
The calculated thrust coefficients for the dual-rotation
case are shown in figure 6. Tn9 rotational component
of the slipstream as measured by the torque coefficlant
& Is belleved to be adequately reproduced for these
tests. The thrust and torque characteristics of the
model propellers,as determined experimentally with the
thrust line horizontal,are Given in figures 7 and 8. “
For each xodel condition, the single-rotating and the
dual-rotatfng propellers were operated at approximately
the same thznustcoefficient. The blade angle at ~a
0.75 radius was 23° for all tests. The propeller rota-
tional speed was held constant throughout the.yaw range.

~
.
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Coefficients and Symbols

The data are presented in the form of standard,
nondimensional coefficients. The coefficients and
symbols are defined as folltma:

Cn

Chr

To

%

where

L

%

Y

1?

%

T

s

b

br

lift coefficient (L/qS)

resultant drag coefficient (~m)

lateral-force coefficient -(Y/W )

pitching-moment coefficient (l!/qzs)

yawing-moment coefficient (N/qbS)

rudder “Mnge-moment coefficient (~r/qbr~r2)

thrust disk-loading coefficient (T/P@~ )

torque coefficient (Q/P+D3 ]

lift

resultant drag

lateral force

pitching rwment

wwing moment

rudder hinge moment

effective thrust

motor torque

ti.ngarea, 38.4 sqme feet

wing span, 111..72feet

mean wing chord, 2.61 feet

rudder span

d A
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%

D

q

v

P

and

n

P

%

*

%

6*

R

P

brE.2

root-mean-square chord of rudder

propeller diameter, 4..0feet

free-stream dynamic pressure

free-str9am velocity

mass density of air

.

propeller rotational speed

blade

angle

angle

angle at 0.75 radius

of attack of thrust llne, de@ee

of’yaw, degrse

rudder deflection, degree

elevator deflection, degree

Remolds mmiber
()
~

#
coefficient of viscosity

= 0.785 feetz

14Dlg

Angle of attack, drag, and pitching mment have
been corrected for the effqcts of jet-boundary inter-
ference. Approx~te corrections have been applied
for tileeffects of the model support.

All forces and moments are referred to a system of
axes with the origin at the center of gravity corre-
sponding to that of the full-scale airplane. The
X-axis is the intersection of the plane of s~etry of
the model with a plane perpendicular to the plane of
symmetry and parallel to the relative wind with the
positive direction rearwar~ The Y-axis is perpendicular
to the plane of symmetry with the positive direction to
the right. The Z-axis is perpendicular to the X-axis
and in the plane of symmetry, with the positive direction
upward. ,

,

#

.

.

. --- . - -. - - --- ;.~--=r...+..=..n .. .....%.. -o . . . ., .4.. - .,. ../ . ..- .—-.; —-”-— — ---- “- - - --”
. . . .. . . ..* . . . . . . . .. . . -- . . . . .

. .,- ..’..... .4 . . .



7

RESULTS ATD DISCUSSION

The test data are prssented as curves of lift,
resultant-drag, lateral-force, yawin~+noment, pitching-
rilozlent, and rudder hinge-motint coefficients plotted
against angle of yaw. No rolling-moment curves are
presented because of Inconsistencies in the data and a
wide dlsgersion of test points. yaw characteristics
for a range of rudder deflections are presented In
fl~ures 9 to 1.4for the approach, the cllmb, and the
high-speed conditions. Comparisons of the effects of
rotation on the yaw characteristics with the vertical
tall on (rudder neutral) and with the vertical tall off’
are presented in f’l~es lj to 25 for the approaoh, the
cllmb, the high-speed, and the gl’ldeconditions. In
each case, propeller-off data are given as a basis for
comparison.

lWom figures 9 to ~, estimates have been made of
the rudder-control characteristics of the design air-
plane in steady sideslips. These data are yresented in
fi~ures 2~, 25,-and 26 as curves of rudder force and
deflectio~ for trim a~ainst an@e of yaw. The ~awhg
moment duo to aileron deflectioilwas neglected h all
casss. Yhe control forces were calculated with the
assumption of a pedal aovement of *4 Inches for &OO
rudder throw and a wing loading of 36 pounds per square
foot● Left rudder forces and deflections with dual
rotation were estimated by assming that the curves
would he s~etrical about neutral rudder.

l;ostof tho important directional stahilit~ and
control characteristics for the three model conditions
are s .ummarzzed in table 1: Slopes of the yawing-moment
curves at zero yaw for the various aodel conditions are
piv9n h table II.

All data are presented for zero fin offset and
neutral trim-tab setting. A small fin oftset with
single rotation would probably not a~preciably alter
the 3en5ral conclusions. The comparisons made with
the rudder trim tab neutral are not entirely ccu~plete
because a tab would ordinaril~ be deflected witlasingle
rotation in some of the flight conditions. The de-
flected tab would affect, to sone extent, al~ost all
directional stability and control characteristics. It
should be noted that the knife-e~ce shape of the rear
end of the fuselage provides appreciable fin area even
with the vertical tail off.

. . -. - --- --—- . ,.-.—.. . .. ..— -.. ..——. -... -.-— .-—- -..—— ---- .—., .——.-.-— -—— —.. -
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Inasmuch as the thrust coefficient and the angla of
attack ere nearl~ the same for the a;?proachand the
clin> conditions, these two conditions differ principally
in t’hatti.~eclimb is a flaps-up condition and the ap-
proach is a flaas-down’condition. Although the two
model configurations diffar in more respects than this
one, the differences w yaw characteristics ara believed
to be due primaril~ to flap deflection.

?he disc’~=ica Of the data iS devoted ah08t en-
tirely to static directional stability and control.
Altho~rh rolling-moment data are not preseuted, It should
be remembered that there are large lateral-trim changes
requiring the use of ailerons in the high-thrust condi-
tions with single-rotating propellers. IIIthe comparison
of tinerssults for dual rotation with those for single ro-
tation, the assumption was made that with dual rotatia
the c-urvesfor left rudder deflections would ba similar
to those for right rudder deflections.

Phe data show that for the high-thrust conditions,
whgre the slipstream effects are large, the yaw charac-
teristics are asymmetrical about zero yaw witiis~ilgle ro-
tation and are essentially s~etrical with dual rotation.
For the low-thxat conditions, the yaw chm%cteristlcs
were n6arl~ sy.ietricsl about zero -w for both single and
dual rotation.

M?ectional trim chan,~.- In the low-speed high-
tbrust conditions, directional trim changes are negli-
g~ole with dual rotation and large with sin@e rotation.
With dual rotation, zero yaw can be maintained with ap-
prasimatsly neutral rudder and zero control force in
bot~ the climb and approach conditions (figs. 24 and 25).
Y:ithsingle rotation, a right rudclerdeflection of 180
is required to hold zero ~w; the estimated rudder forces
are 125 pounds end 70 pounds for We cllmb and the ap-
proach.conditions, respectively. The msxtim rudder
deflection of 20° would not be sufficient to trim the
air~tlsneat tineangle of yaw necessary for strai@t
fli?ht with wings level (w = 50). This angle of yaw
is taken as the angle at which both the lateral force
and the yawing moment are zero if the ~awing moment due
to aileron deflection is ne@ected. For dual rotation
in all conditions and for sin~le rotation in the hi~-
speed condition, the wings can be ‘keptlevel at zero yaw
and Mttlc rudder deflection is needed.

. - . ...-.-= ~=—- ,-.-=--- —- —- —~--—. -..... . <.... ,--—, --—.- .. ..-— .. . . . .
---. .- .:- , .W... . . . ... <-----.,.. .... . ,. ,.#. . ... . .



:Jithsingle rotation and rudder neutral, the model
trims (Cn = O) at an angle of yaw of about -1OO. At
zero ;TEW,there is a large negative yawing zmment as
shown in figures 15 afid17. At least half of thts mo-
ment is contributed by the model without the vertical
tail. (see figs. 16 and 18. ) ‘

Directional stability, rudder-fixed.- In tinehig&
thrust conditions, the displacement of the stn@e-
rotation yawing-moment curves tow~d negative ~ and
negative *, resulted in a tendancy tomrd directional
Imsta”oilityat moderata to large negative angles of yaw.
~!tthsingle rotation, u%stability is indicated In the
apgroacl?condition at an an@e of yaw of -270 with ml
left rudder (5 = 200). In the CIMO condition posl-
ttva sta%illty is shown in the trim raqe; how6ver, the
slope of the ~wi~-moment curve tends to become unstable
at about * = -30° tor conditions only slightly out of
tri:a. ~ith dual rotation, stability is indicated in ths
trfi~range for both the cliniband t%aeapproach conditions.
%=oncl the trim range, reversals of the ~77ing-moaer.t-
cui~:?eslqas occur In the approach (f’laps-do~m)condition
but not in the climb (flaps-up) condition. me reversals
in t“m ayproach condltlon might lead to directional lnsta-
bilit~ if the rudder limit were inoreased to about 3(1°.
For a weater rudder range, the directional instability
with single rotation would be aggravated. It would be
desirable, in tiliscase, to restrict the left rudder range
and iilcrcasethe rig”ntrudder ranse.

Up to uoderate angles of ne~ative yaw, the stability
was ~~ee.terwith single rotation than w~th dual rotation,
excel~tfor the glide conditions (~<opeller at zero thrust)
whsre l~ttle difference was sl.own.
ap~roach, climb,

At zero -w in the
and hi@-speed conditions, the nloment-

curve slcpes ‘::ereabout 15 percen: uore stable with single
rotation than with dual rotation. In the a~proach con-
dition (figs. 9 and 10) this difference was essentially
Collstaiitup to I/l=-156 (d-ual-rotationcurves are assumed
symmetrical), tmt for the climb condition (figs. 11 and K)
considerably stesper slopes were obtatied with single ro-
tation in tineregion of V = -1OO. Tue aforementioned
differences In stability should not be important except in
mazzgiaalcases.

. . . . . . ..-. — . . .. ... . . . ..- ——-. --..—- -—----- . -..—- .-. --—. — --- .-. -_— .... . .. .. . .. ... - .. .w“ti&u. U..UL.A.L-L % “u“ u“. A-b .bu .,
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The more stable moment-curve slopes with single
rotation in the approach and the cllzdbconditions appear
to be due partly to the more stable slopas for the model
without the vertical tall and partly to the greater ef-
fect of the vertical tail.

~ the high-speed oonditlon (figs. 19 and 20), where
the ltft coefficient and thrust coefficient are low, the
decrease in stability with dual rotation would appear to
be due pr+lmarl~yto %he Increase In propeller side force
experienced with a dual-rot&ting propeller (references2
and 3). m fl

Y
e 27 the measured yawing moments due to

the propeller
% . opener on Y c~ogeller off) Ob-

tained from fleyzre20 are cempazkd ;*Ih the yawin
fmoments calculated by use of the t350retlcal Frope ler

side forces determined from the charts of reference 2.
The comparison indicates that the differences Iu the
yawing rnonentscaussd by a single-rotating and by a dual-
rotating prcpeller were sodewhat greater from experiment
than from calculation. m addition,.measured yavlng .
moments.due to either type of propeller we~e greater than
correcpondlng calculated yawing moments. Feasured side
forces due to tilepropeller, however, are lower Wan the
theoretical propeller side forces. It 1S concluded,
therefore, tkat the effects of the ~ropeller ware not
restricted to direct propeller forces but included forces
on the air~lane itself, which affected the over-all side
force and yswin~ zoment.

Dlreatlonal stabtlity, rudder E?ee.- Rudder-free
(pedal-free) yawing moments, obtained by cross-plctti~,
are shown In figures 9 to 12. In the aqproach condition,
the ~wfng moment is stable with dual rotation but un-
stable beyond ~ = -25c with s+qle rotation. The
instability with sale rotation ccc’urredIn a manner
termed %udder lockm; that 1s, as the increasiqly un-
stable yawfng moment yaws the airplane to the lef’t,the
hln~a noxent forces the rudder continually harder a~ainst
the stop. In-the climb ccndition the rudder-free mo-
ment Is restoring except at * = -~” with single rota-
tion and at $ = *230 with dual rotation where the
mements are zero. The rudder limit is particularly
critical to the rudder-free stahilit~ at large a@es of
yaw and the stability would be unfavorably affected by a
greater rudder range.in ali conditions.

.

.

.
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Rudder-control effectiveness.- ~ the htgh-speed and
approach conditions (figs. and 26), the rudder-control
effectiveness d*/d~ was about 10 percent greater with .
dual rotation than wtth single rotation over the straight
portions of the curves. In the climb condltlon, the
average ef’fectlvenesswith dual rotation was about twice
that with single rotation. This Increase in effective-
ness.is a result of the lower weathercock stability with
dual rotation. ~ the cliti condition, the angles of
yawmaintained b~ $20° rudder deflection were *21° with
dl’~1rotation and were 2° and -23° with single rotation. - -
Th the approach condttlon angles of -w maintained by
maximum rudder deflections were *no for dual rotation
and were 2° and -23° for singlo rotation.

Rudder-control forces.- As mentioned previously,
the calculated rudder forc9s required to trim at zero
yaw with single rotation are 125 pounds for the climb
and 70 pounds for the approach condition; with dual ro-
tation the rudder forces are approximately zero.

The control forces per degree of yaw in the approach
and clinlbconditions are two to three theS greater with
single rotation than with dual rotation in the straight-
llne ~wmtion of the curves (figs. 24 and 25). m the
hlglh-speedcondition (fig. 26), the force gradients were
the same. The displacement of the rudder-force curves
in figure 26 should not be considered significant because
a small error in rudder-angle or hinge-moment measurement
would be greatly magnified in t-heforce curves.

At large angles of yaw, the forces either are zero
. or change sign with stngle rotation in the approach and

climb conditions and with dual rotation in the clinibcon-
dition. A rudder range greater than f20° would accen-
tuate these force reversals and mi~ht cause a reversal
In the approach condition with dual rotation if the
travel were increased sufficiently. Since the<._”l:. ‘:
trim requirements are less severe with dual than with
single rotation, it appears that Increased travel would
not be required with dual rotation.

Inasmuch as a tab would normallybe used with single-
rotating propellers to trim out control forces at zero
yaw, the variations of force with an@e of yaw for the
approach and climb conditions would probably be different
from those indicated h fi~es 24 to 26.

.. .. . . . . .. .. . . .. . . --- .— . . . —. ----- ---- .. ___ . . - ... . - ---- .. .: -- .——. — ..--— . ..—__ ----- -



. . . . . .. . ... —-.-.-A_ --u” .“- =..22 La:..”___ . .,.-.-. --------....-— .-. .

.

12 WC& ACR NcJ, 4.D19

lliscellaneouscharacteristics.- ~ the low-thrust
conditions, only small differences between single and
dual rotation were ShOQUIin lift, drag, pttchlng moment,
and lateral rorce. ~ the hi@-thrust conditions,
these characteristics were asymmetrical about zero yaw
with single rotation and essentially sqetrical with
dual rotation.

CCKCL=IONS “ “-
.

The results presented lead to the following con-
clusions with regard to the yaw characteristics of the
single-en@ne atrplans.model with & single-rotating and
a dual-rotating propeller:

1. Ths most ngtlceable differences shown were the
largs directional trim chan~es with the sin@e-rotatinG
propeller and the negligible trim changes with the dual-
rotating propeller. Vlth single rotation large rudder
deflections and forces were required to trim (Cn = O)
at zero yaw in the low-speed high-thrust conditions,
whersas with dual rotation only s*11 deflections and
forces were required.

2. The model with dual-rotatin~ propeller was
directionally stable with ru?lderfixed throughout the
trim range for all conditions. Beyond the trim ran6e,
reversals of the yawinG-moment curves occurred in the ap-
proach condition; these revercals nl~fitproduce insta-
bility if the rudder ranqe nere increased sufficiently.

9

‘?ithsingle rotation, rudder tixed, the model was un-
stable at large an@es of left yaw in the ap~oach (flaps-
down) condition and exhibited a tendency to be unstable
in the climb (flaps-qp) condition. The instability In
the a~;moach condition also occurred with rudder free
and in a manner termed “rudder locki’;that is, as the
increasingly unstable yawin6 moment yaws the airplane to
the left, the hinge moment forces t% rudder centinually
harder against the stog.

3. Although of secondary importance for the model
tested, a greater degree of rudder-fixed stability was
generally shown with single rotation than with dual ro-
tation at small to moderate angles of yaw. At zero yaw,
the slo~es of the yawing-moment curves were about 15 per-
cent more stable with single rotation in the approach,
climb, and hlCh-speed conditions thm with dual rotation.

---- --..---—r--- -,- ,.-.——.-—. ... ..”.- . ...!.”., .: . . .. ,. .,
.“% . : “.>..”:.,. . ----..... ‘ .“.
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4. The rudder-control effectiveness dO/d5r in
the high-speed condition was about 1(1-peroentgreater
with dual rotation than with single rotation. In the
climb condition, angles of yaw maintained by 7200 rudder
were *21° with dual rotation, and 2° and -23° with
single rotation. In the approach condition, the angles
of yaw were *11* with dual rotation, and 2° ti -23°
with single rotation.

5. The rudder-control forces per degree of yaw
were two to three times as great for single rotation as
for dual rotation in the low-speed high-thrust conditions.

.

LmgXey Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics.

Langley l?leld,Va.
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TABLE I

COMPARISONOF ESTIMATEDDIRECTIONALSTABILITYAND CONTROLORARAO!PERISTICS
OF TRE SINGLE-ENGINEAIRPLANEWITH A SINGIE-ROTATING

AND WITR A DUAL-ROTATINGPROPELLER

Rudder forcI
Type of $at$=oo at~=o”
Rotation (deg) (lb)

I I
.—-~,\ I

II I I(pe~~t )
I (a] I (a) I I

High-speedcondition; To = Qi03

single o 25(right) o 0 *lJ+(eat;) 90 100 115 I/one None

Dual 1 (left) o 1 c1 *15 (eat.)
lnd~~:d indicated

100 Loo 100 Do.

Full-powercllrnb;flaps up; T= = 0.55

single -18 (right)12!5(right) 42 b.(j 2, -23 60 300 115 POafJlblY -23

Dual 1 (left)
beyond -30

10 (right) 1 0 *1 100 100 100 None 220
indicated (approx,)

partial-powm approadh;flaps dowq; Tc = 0.59

S~ngle-17(right) 70 (right) -9 bh 2, .23 90 300 Ko .26 -22

.Dual o 5 (right) o 0 *11 100 100 100 None Hone. lndloa$edlndlcated

aFor mall angles 0S yaw
bBeyondrudder eontmolrange

\

P

IP

a .
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TABLE 11

SLOPES OF YAWING-NONEIK!CURVES AT Z~RO YAW

...——.— . .—.—- ....—— —--— --——.——.—.

i
.

I
-——-.—-—a. ---- . . . . . ..-. ..-—. .-... -.---—... .-. .—. .— ——-— --————— . . . ..

}yorwa1 f1i~ht Landing
——-—— ..—— -- ._ .-— .-

Propeller ‘-
T

.-..-.---—..—~- -..-
0

I

.—— —
UT = -0.8 aT

A
= 11.8° aT = 11.8° a~ = lo” aT = 9.8°

condition ~——”-–——--—-+—---- -..——. —...-i————.----.-—— -—;—. --—-----------
I High-speed ‘Full-power!Propeller ~Partial-powerPropeller
{level fli.~ht1 c1limb idling aoproach I idling——— ——— —-...--.-—- ....---—..—--—---------—------.--~—. - .-—-— ...-—.. ---.

Vertical tail onl
-.-—-— .—-— -.—- ------ .... .- ..—....- --

Propeller off

4

-0.0022
Single rotatio - ● 0015
Dual rotation ! -.0013—.- --.-—-..-..........-............ ..

,.. . . .. - .-. --- . ... . .. .—— ..

-::mg t -0.0019 -0. 0;27 :-0.002’ —
-.0012 -.0035 /- ● Oold

-.0024 ] -.0009 -,0030 , -.0018..-......... .....- -. .—............—--,.— - ... .----—-------L---- .--—_-.. .
Vertical tail off

-—— ------------- .——- —— .---- ----.- -—... -.. .. .- ... .

Propeller off ! -0.0002
..........—. .-.—----.—-— —-. —---.—

II

.---...—
(1,0001 0.0001 .:: MXK); -0.0006

Single rotatioq ● 0002 .0006 ------ .0001
Dual rotation I .0005 ~ .0006 , ------ , -.000~ o

Islopes are given for c = O, r~dde~ fixedn

I
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Landing
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Landing
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Dual

Single

Dual

single
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---.-

---..--

------

------

-----.-
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------
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------

Remarks

~ range
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--sDe--

--no ---

--Doa-–
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Tail off
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No. L4D19 Fig.
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— I

Total area
Rudder urea
back of hinge

Rudder area.

2.79 sq ft

/.28 Sqft

Infrontof hinge .39 sq f+

rudder

Secf/on A-A .
I
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Fig. 3
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NACA ACR No. L4D19
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F~gure 3. – Bluc7@form curves for NA CA 4-308-03

Drope//er D, dmme+erj P, rudius +0 +/p; Gs to +/on
r@iius; b]S@C tlon chordj h,sec+lon /hicknes S j

p, geometric pjfch.



Figure 4.- Model mounted in NACA 19-foot pressure tunnel.
Landing configuration.
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Figure 5.- Model mounted in NACA
Normal-flight configuration.

19-foot pressure tunnel.
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Fig.7
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NACA ACR No. L4D19 Fig.0
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Fig. % NACAACR No. L4D19

Angle of yuw, p, deg

figure 9.– YUWchaructemtlcs for Ihe upprouchcondihon.Singlerokz+
landing configurot~on;55-percent fidjpower] C= 0.59;aT=/O>de=

R-qooqooo.
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Fig. Ioa NACA ACR No. L41)19
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Figure 10.-YUWchurackri~tlc.s for the upproach condition.Dual rotutlon?
kmdng configuruhonj 55-prcenf fullpoweriTC=0.591 UT=/OJC&=-3j

f?=3,00(2000.



NACAACR No. L41)19 Fig. 10b
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Fig. lla NACA ACR No. L4D19
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figure ~l.- Yawchafacterlstlcs for ihe cilmb conU’IiIon.J77glerotufioni
normal- fllqht confiquratlon, full power, ~=0.55;ar=/I!8;4=0‘j

R=3,00QOO0.



NACAACR No. L4D19 Fig. llb
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Fig. 12”a NAC”AACR No. L4D19

figure /2.- Yaw ch aractertstlcs for the climb condition. CUUI
rota florl ; norms/-f//ght con f~gurafjonjfffli power; Z =0.33;
aT=ll.%oj 6==0° ; R–&,OOO, OOO



NACA ACR No. L4D19 Fig. ‘Lzb
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Fig. 13a NACA ACR No. L4D19
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figure &- YOW chamctmstlcs for the Lvqh - speed
condition. Single rotation; normal- flighf configuration;
full power, ~= 0.03; CZT=-0.8°; de= 0.3~ R-4,200,000.
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NACA ACR No. L4D19 Fig. 13b
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figure /3.- C20rWaieci.
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Fig.- 14a NACA ACR No. L41)19
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Ang/e of yaw, w deg ~

figure /4.- YUw cturuciewtics [or ?%e tugh - speed condition. DUOI
rotution j normul-flighf conflgura iIO/?j hlpowerj ~ zOCU; ar= -0.8 ‘j
& 0.3”;R-4,200,000.



PJACA ACR No. L4D19 Fig. 14b
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Figure /4.- 6onc/udeo’.
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F ig. “15a NACA ACR No. L4D19

Figure /5. – Effec7 of rotutlon on yaw chorffckrlstic.s
for ihe approach condition. TUII on, 6,= o; Iond/ng
configuration; 55-pert en t full powe L_ ~ = 0.59, ET = /O;O

R =3,000,000.



NACA ACR No. L4D19 Fig. 15b

2.2

.2

.5

4

.3

:7
-.

I

0/7 -3
n -a --H

32 ‘-28-Z4-20 -/6 -/2-8 -4 0 4 8 /2 /6 20 24 28 32
Angle of yuw, ~ deq

Fl~ure 15.-Conc/uded ~

—.—



Fig. 16a .NACA ACR No. L41)19
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NACA ACR No. L4D19 Fig. 16b
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Fig. 17a NACA ACR No. L4D19
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figure /7. -Ef&ct of rotation on yaw charucterlstlcs for ihe c//rob
condition.. TOII on? dr-=0; normal- fllghi’ conhgffruhon; fu// po we~
z= LE@ cc,=IL8; /%3,000,000.



NACA ACR No. L4D19 Fig. 17b
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figure /7. -Cone/ud&.
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#Fig.18a NACA ACR No. L4D19

Ang/e of yaq ~, deg

.

figure /8.–Effect of rotation on yaw characterishcs for the climb
conddlon. Ver tical tall ofc nortnul i%ghf con ftguru tlon; fu//
power Z=O.55, C7 =//.8~~~~ 000,000.



NACA ACR No. L4D;9 Fig. 18b
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F“ig. 19a, .NACA ACR No. L4D1.9
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f~gure /9. – Efi%ct OF roiioilonon yaw churaciermtlc.. for the high-.peed
condd~on. TuI/ on; 6.=0°; normal- f/ight Con4guro}jonjfu// powerj ~- 0.03;
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Fig.. 20a NACA ACR No. L4D19
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Angie Of~u~ ~ deg ,~,

F@Jrizo. - Effect of rotation on yaw charocterlshcs for the
high-speed condition. V6rhcal fall offi normal- f/igh/ con -
flquratlon; full power; ~=0.03, m,= -0.8; R+4>200,000.
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NACA ACR. No. L4D19 Fig. 2ob
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Fig. 21a NACA ACR No. L4D19
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figure 2/. - Effect of rotation on gaw charuc~erts!ic~ i’or the
g/!de condition. 77YI/on; d.= o; nofmd- fllgh} configuration, ~= 0:
CCT=1/.6; R=3>000,000.
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Fig. 22a NACA ACR No. L4D~9 .
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Figure 22.– fffk’ctOFrotffhonOnyaw chufaciefutlc~ for the gl~decotwi+fion.
7iaI/on, ~ -O”j /and/ng conflguruilonj z =Oj cc,-97”, t%’=~000,070
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Fig. 23a NACA ACR NO. L4D19
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Angle of gow, W, deg

F]gure 23. - Effect of rotation on yaw choractertstlcs for lhe
glm’e condll~on.. Vertlcul i’aIl of< landing configuruijon; r =0,
a,= Qz” Q=3,00Q000.



NACA ACR No. L4D19 Fig. 25
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Fige 26 NACA ACR No. L4D19

Ju ‘—

.—. —

fo /
/
t

/
0

lo-
-20 -10 0 /0 20

~erf A~g~e of yaw, ~, deRig%

flgu~e 26. - SteOdy sdeshp charac -
le~i.sflcs [Cn=d for the h/gh -
+Oeecj c 07m’ltlOn. V=306 KV@.



....+-...

Angle of ya W, ~, @g

z
o.

K.
u
w
u)
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